NO-induced oxidative stress and glutathione metabolism in rodent and human cells.
Nitric oxide (NO.), a radical species produced by many types of cells, is known to play a critical role in both regulatory processes and cell defense, yet it may also participate in collateral reactions, leading to DNA damage and cell death in both NO-generating and neighboring cells. Glutathione has been shown to protect cells from the toxic effects of free radicals and reactive oxygen species. The goal of this study was to investigate whether differences in glutathione metabolism could account for the resistance or sensitivity to cell killing by NO.. The cytotoxic effect of NO. was examined in CHO-AA8 (Chinese Hamster Ovary) cells and TK6 (human lymphoblastoid) cells pretreated with L-buthionine SR-sulfoximine (BSO), a potent inhibitor of gamma-glutamylcysteine synthetase, and with 1,3-bis-(2-chloroethyl)-1-nitrosourea (BCNU), an irreversible inhibitor of glutathione reductase. The consequences resulting from the depletion of glutathione levels and from the arrest of oxidoreduction allowed us to show the involvement of glutathione in protecting cells from NO. and to investigate the importance of changes in glutathione metabolism on NO-induced toxicity. In CHO-AA8 cells, we found that treatment with NO. resulted in the oxidation of reduced glutathione (GSH) to oxidized glutathione (GSSG) and to mixed glutathione disulfides (GSSR). The resulting depletion of GSH stimulated its de novo synthesis, enabling the cells to resist killing by NO.. A slight difference in GSH metabolism was observed in TK6 cells. NO. led to an increase in GSSG levels similar to that observed in CHO-AA8 cells, however, a decrease in GSH levels, no change in GSSR levels, and higher levels of toxicity were also found, suggesting that NO-treated TK6 cells are not as competent in GSH homeostasis as CHO cells. We conclude that GSH is involved in protecting cells from killing by NO. and that both de novo synthesis of GSH and GSSG reduction are important in maintaining an adequate level of protection for the cells.